The purpose of this study was to observe effects of wearing textured insoles and clinical 9 compression socks on organisation of lower limb interceptive actions in developing athletes 10 of different skill levels in association football. Six advanced learners and six completely 11 novice football players (15.4 ± 0.9 years) performed 20 instep kicks with maximum velocity, 12 in four randomly organised insoles and socks conditions, a) Smooth Socks with Smooth 13 Insoles (SSSI); b) Smooth Socks with Textured Insoles (SSTI); c) Compression Socks with 14 Smooth Insoles (CSSI) and d), Compression Socks with Textured Insoles (CSTI). Reflective 15 markers were placed on key anatomical locations and the ball to facilitate three-dimensional 16 (3D) movement recording and analysis. Data on 3D kinematic variables and initial ball 17 velocity were analysed using one-way mixed model ANOVAs. Results revealed that wearing 18 textured and compression materials increased the maximum velocity instep kick and 19
Introduction 8
Textured materials, comprised of raised nodules added to shoe insoles, socks or support 9 surfaces, are hypothesized to enhance sensory input from regions of indentation (Orth et al., Therefore, the purpose of this investigation was to gain insights into effects of wearing 19 textured insoles and clinical compression socks on kicking performance in association 20 football. We sought to understand whether improved sensory afferent feedback from the foot, 21 gained by wearing textured and compression materials (insoles and socks), would enhance 22 movement organisation of the lower limbs, especially on the ankle (Waddington & Adams, 23 2003) when kicking a ball. We also investigated whether the benefits gained from wearing 24 textured and compression materials, through enhanced proprioceptive information from the 7 lower limb, were dependent on greater attunement to skill level of participants to enhance 1 kicking performance (Han, Anson, Waddington, & Adams, 2014) . for the purpose of this study. Another six participants (n = 6, mean age 15.2 ± 1.1 years, 10 mean height 169.1 ± 6.4 cm, and mean weight 50.9 ± 4.0 kg) had never played competitively 11 and had little playing experience at recreational level. They were classified as novice 12 participants for the purpose of this study. Participants of this age were recruited because they 13 had already developed basic haptic perception capacity (Gori, Del Viva, Sandini, & Burr, 14 2008) and were able to integrate the available and additional stimulation of the lower leg 15 mechanoreceptors gained from wearing textured insoles and clinical compression socks. This 16 propensity was confirmed by a peripheral sensation test (on the foot and ankle) performed by 17 all participants, in order to exploit the use of textured and compression materials in this study.
18
All participants responded well to the peripheral sensation test. In the advanced novices 19 group, two participants could feel the monofilaments up to the lowest level (2.83/0.07 g) 20 while the other four players could feel up to the second lowest level (3.61/0.4 g). For the 21 novices group, four participants could feel up to the lowest level while the other two 22 participants could feel up to the second lowest level. The findings provided evidence that all 23 participants had functional plantar cutaneous receptors for detecting pressure/deformation of 24 their feet. Skill level differences were examined to understand whether specific task 8 experience in football kicking would facilitate somatosensory perception of athletes. The 1 Queensland University of Technology Human Research Ethics Committee approved all 2 experimental procedures on human participants. Written informed parental consent was 3 obtained prior to the start of the study. The instep kicks were performed on a static football kicked towards an empty goal, which 7 narrowed the task constraints to limit potential effects of peculiarities in a force-accuracy 8 trade off. The distance between the ball and the goal was 6.1 metres, a similar length reported 9 in previous kicking research by Finoff, Newcomer and Laskowski (2002) . All participants 10 were required to use an angled approach (Katis & Kellis, 2010; Lees et al., 2010) in 11 performing the instep kick, as this approach has been demonstrated in previous work to 12 produce maximum ball velocity in instep kicking (Barfield, Kirkendall, & Yu, 2002; Isokawa 13 & Lees, 1988) . Each participant performed 20 instep kicks under the specific task constraints Seventeen-reflective spherical markers (15mm) were placed using double-sided tape and 23 fixed securely using additional tape to prevent movement during performance of an instep 24 kicking. Markers were placed on key anatomical landmarks namely; the acromion process, iliac crest, greater trochanter on the right and left sides, medial and lateral epicondyles, 1 medial and lateral malleolus, fifth metatarsal head and first metatarsal head (non-kicking 2 foot). A minimum of three and a maximum of four markers were placed on each body 3 segment to construct the segment model in three-dimensional (3D) software analyses (i.e. one 4 marker each on medial and lateral epicondyle and medial and lateral malleolus to create 5 shank segment). Special consideration was taken during marker placement to ensure it did not and ankle from the respective segments as defined by the marker sets (Chow et al., 2007) .
20
The ball model was also constructed using V3D and the software automatically tracked the 21 relative positions of the markers to determine the ball centre of mass for initial ball velocity condition. In addition, initial ball velocity values observed in the CSTI condition were higher 16 compared to the SSSI condition, but the results were not statistically significant (p = 0.07).
17
The main effect of group also showed significant differences, F ( higher compared to the SSSI condition, but the results were not statistically significant.
23
Movement organisation in novice participants also seemed to be constrained by using the 24 textured and compression materials for generating initial ball velocity, which was significantly higher in the CSSI condition compared to the SSSI condition. In addition, the 1 initial ball velocity values observed in the CSTI condition for novice participants were higher 2 compared to the SSSI condition, but the results were not statistically significant. Furthermore, 3 there was no significant interactions observed in Group*Insoles/Socks conditions, F (3, 174) 4 = 2.266, p = .083, η p 2 = .038 (small effect size). advanced novices participants. Furthermore, there was also a significant interaction between 18 Group*Insoles/Socks conditions, F (3, 174) = 3.97, p = .009, η p 2 = .064 (large effect size).
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Results revealed that maximum foot velocity values were significantly higher for advanced 20 novices compared to novices in the SSSI, CSSI and CSTI conditions. 14 There was no significant main effect for insoles and socks conditions on foot velocity at ball 1 contact ( Fig. 4) , F (2.7, 156.58) = .532, p = .642, η p 2 = .009 (small effect size), but there was, 2 however, a significant main effect of group, F (1, 58) = 23.689, p < .001, η p 2 = .290 (large 3 effect size). Post hoc comparisons identified that movement organisation in novice 4 participants was constrained by using the textured insoles with significantly higher foot 5 velocity at ball contact values in the SSTI condition compared to the CSTI condition. In 6 addition, novice participants achieved higher foot velocity at ball contact values in the CSSI 7 condition, followed by the SSSI and CSTI conditions, but the results were not statistically 8 significant. There was also a significant interaction between Group*Insoles/Socks conditions, 9 F (2.7, 156.58) = 4.952, p = .004, η p 2 = .079 (medium effect size). Results revealed that foot 10 velocity at ball contact values were significantly higher for advanced novice participants 11 compared to novice participants in the SSSI, CSSI and CSTI conditions. 
Planting Foot Placement 2
There was no significant main effect for insoles and socks conditions on planting foot 3 placement values, F (3, 174) = .465, p = .707, η p 2 = .008 (small effect size). However, there 4 was a significant effect of group, F (1, 58) = 6.737, p = .012, η p 2 = .104 (medium effect size).
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In addition, there was no significant interactions between Group*Insoles/Socks conditions, F 6 (3, 174) = .347, p = .791, η p 2 = .006 (small effect size). Results showed that the recorded 7 distance of foot placement was significantly different between advanced novice and novice 8 participants in the SSSI, CSSI and CSTI conditions. Advanced novice participants planted the 9 supporting foot further away from the centre of the ball compared to novice participants. The 10 advanced novices participants also showed consistency in the distance of the planted foot to 11 the centre of the ball, as the observed distance values between each insole and socks 12 conditions were quite similar (approximately 31 cm ± 4.5 -6.36 cm). 
Effect of various insoles and socks conditions on kicking performance
To achieve this aim we investigated effects of four different insoles and socks interactions in of a sport-related task. Previous studies have been limited to studying performance in 17 perceptual discrimination tasks (Waddington & Adams, 2000 , 2003 .
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The current findings showed that clinical compression socks might have been more 20 functional than wearing textured insoles only (Wheat, Haddad, Fedirchuk, & Davids, 2014) 21 in enhancing perception of somatosensory information from cutaneous mechanoreceptors Hooper et al., 2015; Woo et al., 2014) and guiding the lower limbs towards more efficient 5 movements during performance. participants, there were some minimal effects of added texture during performance of an 23 instep kicking task. One explanation for the inability of novice participants to use added 24 texture and compressions for regulating movement organisation of kicking actions is that they
Conclusion

23
Using clinical compression socks or wearing textured insoles in football shoes seemed to 24 improve the detection of haptic information from the plantar sole of the foot, evidenced by enhanced kicking performance, especially in advanced learners. Effects of wearing textured 1 and compression materials were associated with positive outcomes during performance of a 2 dynamic instep kicking task with maximum velocity. Our study revealed that when wearing 3 these materials, even young participants significantly improved their ankle range of motion, 4 resulting in higher foot velocity and increased initial ball velocity. These performance 5 outcomes were obtained with small-to-large effect sizes. Based on our findings, clinical 6 compression socks seem more functional than simply using textured insoles alone in 7 providing the additional feedback information to regulate actions, conforming with previous 8 suggestions by Wheat et al. (2014) . The effect of added texture and use of compression The role of textured material in supporting perceptual-motor functions. PLoS ONE, 48 8(4), 1-14. doi:10.1371/journal.pone.0060349
